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ABSTRACT

Multiple sclerosis is a socially significant, disabling autoimmune disease that predominantly affects young 
adults. Rapid initiation of immunomodulatory therapy is necessary in order to reduce the risk of disease pro-
gression. Early use of highly effective therapy should be considered from the very onset of the disease. The 
optimal strategy is that of personalized medicine, taking into account the individual preferences and life plans 
of each patient. A critical evaluation of the available evidence is required before making a decision regarding the 
best possible treatment.
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Epidemiology
Multiple sclerosis (MS) is the most common autoimmune disease 

of the central nervous system (CNS), affecting more than two million 
people worldwide [1]. Epidemiologically, MS is a heterogeneous dis-
ease influenced by genetic factors—such as the association with HLA-
DRB1*15:01—as well as environmental factors including vitamin D 
levels, obesity, smoking, and Epstein–Barr virus (EBV) infection [2]. 
The diagnosis is established on the basis of a clinical syndrome com-
bined with evidence of dissemination of lesions in space and time. 
The revised 2017 McDonald criteria allow for an earlier diagnosis 
in the setting of a single clinical attack, supported by magnetic reso-
nance imaging (MRI) findings of symptomatic or asymptomatic gado-
linium-enhancing T1 or non-enhancing T2 lesions typical of MS and/
or the presence of cerebrospinal fluid oligoclonal bands [3]. Clinical 
subtypes include clinically isolated syndrome (CIS), relapsing–remit-
ting MS (RRMS), primary progressive MS (PPMS), and secondary pro-
gressive MS (SPMS) [3]. More recent refinements in MS subtype clas-

sification, proposed by Lublin et al., follow a similar framework with 
additional modification of MS subtypes as “active” or “inactive” based 
on the presence of clinical relapses and/or MRI activity [4]. There is 
increasing evidence that the MS phenotype (relapsing versus progres-
sive) is likely determined by “host factors,” most notably patient age, 
with younger patients experiencing a higher relapse frequency, while 
older patients are more likely to exhibit progressive phenotypes [5].

Pathogenesis
Alterations in the peripheral immune system, increased permea-

bility of the blood–brain barrier, and the activity of resident immune 
cells of the CNS (such as microglia) all contribute to the pathogen-
esis of multiple sclerosis (MS). Current therapeutic strategies are 
directed toward these three key elements of MS pathogenesis. Both 
acute and chronic inflammation, as well as neurodegeneration, occur 
during the course of the disease, with acute inflammation predom-
inating in the relapsing phase. The inflammatory process in MS has 
been studied in experimental animal models of autoimmune enceph-
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alomyelitis (AEM) and through pathological observations in patients 
with MS, demonstrating the involvement of both innate and adaptive 
immune responses [6]. Innate immune cells implicated in MS include 
myeloid-derived macrophages and microglia. Adaptive immune cells 
involved in MS include autoreactive CD4+ T cells, particularly Th1 
cells directed against myelin proteins, as well as CD8+ cytotoxic T 
cells [7]. Recent studies examining specific T-cell subtypes in patients 
with MS have identified distinct myelin targets that may correlate 
with different patterns of inflammation [8]. Although B cells have not 
been shown to be critical for AEM in animal models, they play a cen-
tral role in the pathogenesis of human MS through the production of 
proinflammatory cytokines and chemokines, antibody formation, and 
antigen presentation to T cells [9].

The presence of oligoclonal bands in the cerebrospinal fluid and 
antibody–complement deposition in MS lesions further implicates 
mature B cells in both relapsing and progressive forms of the dis-
ease [10]. Although MS lesions are classically recognized as areas of 
white matter demyelination, inflammatory damage also involves gray 
matter and subpial/meningeal layers [11]. Progressive MS is thought 
to result from cumulative damage due to chronic inflammation and 
neurodegeneration arising from multiple pathogenic mechanisms, in-
cluding activated microglia, leptomeningeal inflammatory infiltrates 
causing subpial demyelination, mitochondrial dysfunction, and oxida-
tive damage mediated by macrophages and microglia [12].

Therapeutic Targets
Given the heterogeneity of the disease, there is no single thera-

peutic target in MS. The primary goal of current disease-modifying 
therapies (DMTs) is to slow disease progression by reducing inflam-
mation, myelin damage, and relapse frequency. A meta-analysis has 
demonstrated that all evaluated DMTs reduce relapse rates within 
two years of treatment initiation [13]. Cohort studies indicate that 
earlier initiation of DMTs reduces disability accumulation and that 
early use of high-efficacy therapies may be more effective than tra-
ditional escalation approaches [14]. Treatment of progressive MS re-
mains challenging, further suggesting that MS pathogenesis evolves 
from a predominantly proinflammatory relapsing stage to a neurode-
generative stage that is less responsive to immune-based therapies.

Disease-Modifying Therapies: When to Initiate, 
which Drug to Choose, and when to Discontinue?

The European Committee for Treatment and Research in Multi-
ple Sclerosis (ECTRIMS), the European Academy of Neurology (EAN), 
and the American Academy of Neurology (AAN) published guidelines 
in 2018 for the pharmacological treatment of people living with MS 
[15]. For patients with clinically isolated syndrome (CIS), the EC-
TRIMS/EAN guidelines recommend interferon or glatiramer acetate 
in individuals with abnormal MRI findings suggestive of MS, even 
if full diagnostic criteria are not met. The AAN recommends annual 
MRI monitoring during the first five years prior to initiating DMTs to 

screen for new disease activity. Two main therapeutic strategies are 
currently used in the management of MS: Escalation therapy, involv-
ing a stepwise transition to more effective treatments in response to 
disease activity; and Early high-efficacy therapy, which involves the 
use of highly effective agents from the time of diagnosis. Therapeu-
tic options include medications requiring frequent administration—
characterized by low to moderate risk of adverse effects but also low 
to moderate efficacy—such as interferons (IFNs), glatiramer acetate 
(GA), teriflunomide (TFN), dimethyl fumarate (DMF), and sphin-
gosine-1-phosphate receptor modulators (S1P). Intermittent dosing 
strategies involve agents administered at longer intervals and are 
associated with higher efficacy, including natalizumab (NTZ) and an-
ti-CD20 therapies such as ocrelizumab. Induction therapies are char-
acterized by long-lasting effects following short treatment courses; 
these include cladribine and alemtuzumab (CLD, ALTZ). 

While highly effective, these therapies may require retreatment 
if disease reactivation occurs [16]. Patients should be offered all rea-
sonable DMT options appropriate for their individual clinical profile, 
taking into account comorbidities, disease severity, specific adverse 
effect profiles, treatment adherence and accessibility, and reproduc-
tive plans. The optimal approach is personalized medicine. A critical 
appraisal of the available evidence is essential before making treat-
ment decisions for each individual patient. From the perspective of 
relative efficacy among different DMTs, although no head-to-head 
trials comparing all available therapies exist, several real-world stud-
ies have attempted to evaluate comparative effectiveness in reducing 
relapse rates and delaying conversion to secondary progressive MS 
(SPMS) in patients with relapsing MS.

Pathogenesis
Alterations in the peripheral immune system, increased perme-

ability of the blood–brain barrier, and the involvement of resident 
immune cells of the central nervous system (CNS), such as microg-
lia, contribute to the pathogenesis of multiple sclerosis (MS). Current 
therapeutic strategies target these three key elements of MS patho-
genesis. Both acute and chronic inflammation, as well as neurode-
generation, occur during the disease course, with acute inflammation 
predominating during the relapsing phase. The inflammatory process 
in MS has been extensively studied in experimental animal models of 
autoimmune encephalomyelitis (EAE) and through pathological ob-
servations in patients with MS, demonstrating the role of both innate 
and adaptive immune responses [6]. Innate immune cells involved in 
MS include myeloid-derived macrophages and microglia. Adaptive 
immune cells implicated in MS include autoreactive CD4+ T cells, par-
ticularly Th1 cells directed against myelin proteins, as well as CD8+ 
cytotoxic T cells [7]. Recent studies of specific T-cell subtypes from 
patients with MS have identified different myelin targets that may 
correlate with distinct inflammatory patterns [8]. Although B cells 
have not been proven to be critical in EAE animal models, they play 
a key role in the pathogenesis of human MS through the production 
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of proinflammatory cytokines and chemokines, antibody production, 
and antigen presentation to T cells [9].

The presence of oligoclonal bands in cerebrospinal fluid and an-
tibody–complement deposition in MS lesions further implicates ma-
ture B cells in both relapsing and progressive forms of the disease 
[10]. Although MS lesions are classically recognized as areas of white 
matter demyelination, inflammatory damage also affects gray mat-
ter and subpial/meningeal layers [11]. Progressive MS is thought 
to result from cumulative damage due to chronic inflammation and 
neurodegeneration arising from multiple pathogenic mechanisms, in-
cluding activated microglia, leptomeningeal inflammatory infiltrates 
causing subpial demyelination, mitochondrial dysfunction, and oxida-
tive injury mediated by macrophages and microglia [12].

Therapeutic Targets
Given the heterogeneity of the disease, there is no single ther-

apeutic target for MS. The primary goal of current disease-modify-
ing therapies (DMTs) is to slow disease progression by reducing in-
flammation, myelin damage, and relapse frequency. A meta-analysis 
demonstrates that all evaluated DMTs reduce relapse rates within 
two years [13]. Cohort studies indicate that earlier initiation of DMTs 
reduces disability accumulation and that early use of high-efficacy 
therapies may be more successful than traditional therapies [14]. 
Treatment of progressive MS remains challenging, further suggesting 
that MS pathogenesis evolves from a predominantly proinflammatory 
relapsing stage to a neurodegenerative stage that is less responsive to 
immune-based therapies.

Disease-Modifying Therapies: When to Initiate, 
which Agent to Choose, and when to Discontinue?

In 2018, the European Committee for Treatment and Research in 
Multiple Sclerosis (ECTRIMS), the European Academy of Neurology 
(EAN), and the American Academy of Neurology (AAN) published 
guidelines for the pharmacological treatment of people living with MS 
[15]. For clinically isolated syndrome (CIS), the ECTRIMS/EAN com-
mittee recommended interferon or glatiramer acetate for patients 
with abnormal MRI findings suggestive of MS, despite not fulfilling 
full diagnostic criteria. The AAN recommends annual imaging during 
the first five years prior to initiating DMT to screen for new disease 
activity. Two main therapeutic strategies are employed in the treat-
ment of MS patients: Escalation therapy, involving the gradual transi-
tion to more effective medications in response to disease activity. Ear-
ly high-efficacy therapy, using highly effective agents from the time 
of diagnosis. Therapies requiring frequent administration include 
interferons (IFNs), glatiramer acetate (GA), teriflunomide (TFN), di-
methyl fumarate (DMF), and sphingosine-1-phosphate modulators 
(S1P). These agents offer low to moderate risk of adverse effects but 
have low to moderate efficacy. Intermittent dosing therapies, such as 

natalizumab (NTZ) and ocrelizumab (anti-CD20), provide high effica-
cy with less frequent administration. Induction therapies, including 
cladribine and alemtuzumab (CLD, ALTZ), offer prolonged effects af-
ter short treatment courses but may require retreatment if disease 
activity re-emerges [16].

Patients should be informed of all reasonable DMT options tai-
lored to their individual circumstances, considering comorbidities, 
disease severity, specific adverse effect profiles, treatment adherence 
and accessibility, and reproductive plans. The optimal strategy is per-
sonalized medicine. A critical appraisal of available evidence is re-
quired before making treatment decisions for each individual patient.

Injectable vs Oral vs High-Efficacy DMTs
A multicenter retrospective study from the Italian MS registry 

compared relapse rates and time to first relapse in 3,919 patients 
treated with first-line injectable DMTs (IFN or GA) and 683 patients 
treated with first-line oral DMTs (DMF and TRF) [17]. Oral DMTs were 
associated with lower annualized relapse rates but no difference in 
disability progression. A comparative effectiveness study using MS 
registry data and electronic health records evaluated relapse out-
comes in patients treated with DMF, S1P modulators, NTZ, and ritux-
imab [18]. No significant differences in relapse rates were observed 
between DMF and S1P therapies.

Transition to Secondary Progressive MS (SPMS)
An international cohort study of 1,555 patients from MSBase 

evaluated the risk of conversion to SPMS among patients treated with 
IFNs, GA, TFN, S1P, NTZ, and alemtuzumab (AMT) [14]. All therapies 
delayed progression to SPMS compared with untreated patients. The 
5-year absolute risk was 12% for IFN or GA, 7% for S1P, 19% for NTZ, 
and 7% for AMT. Patients who switched from IFN or GA to S1P, NTZ, 
or AMT within five years had an 8% absolute risk of progression to 
SPMS. Although newer DMTs demonstrate higher efficacy than older 
injectable therapies, it remains uncertain whether early initiation of 
high-efficacy DMTs alters relapse-independent disease progression, 
as immunotherapy is less effective in progressive MS. Ongoing trials, 
including TREAT-MS and DELIVER-MS, are investigating early aggres-
sive versus traditional treatment strategies.

Discontinuation of DMTs
As patients enter the neurodegenerative stage of MS, overall in-

flammatory activity declines, and the effectiveness of DMTs targeting 
active inflammation diminishes over time, particularly in patients 
with prolonged disease stability. Considerations for discontinuation 
include increasing risks of adverse effects with age, accumulating 
comorbidities, and the financial burden of continued therapy [18]. 
Available evidence for discontinuation is largely based on retrospec-
tive analyses. A meta-analysis of 38 clinical trials demonstrated that 
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high-efficacy DMTs are most beneficial in younger patients with early 
disease but provide limited benefit in patients older than 53 years 
[18]. A retrospective observational study from the Cleveland Clin-
ic involving 600 MS patients over 60 years of age found that 29.7% 
discontinued DMTs; among them, 89% remained off treatment, with 
only one clinical relapse reported. No differences were observed in 
the 25-foot walk test or nine-hole peg test between patients who con-
tinued or discontinued therapy [18]. There is currently no consensus 
definition of disease stability. Suggested criteria include more than 
five years of clinical stability, absence of relapses and new MRI le-
sions, and stability in Expanded Disability Status Scale (EDSS) scores.

Conclusion
Over the past three decades, treatment options for MS have ex-

panded rapidly, with significant improvements in relapse preven-
tion. Despite advances in understanding MS pathogenesis, effective 
treatment for the progressive phase of the disease remains limited. 
Although newer DMTs offer greater efficacy in reducing relapses and 
MRI activity, they may carry higher risks of adverse events due to in-
creased immunosuppression.

The heterogeneity of MS, influenced by genetic and environmen-
tal factors and the evolving nature of the immune system with age, 
presents ongoing therapeutic challenges. Promising developments 
include neuroprotective and remyelinating therapies targeting mi-
tochondrial function and cell-based approaches aimed at drivers of 
chronic inflammation. Additional strategies involve modulation of im-
munoprotective mechanisms, such as regulatory T-cell function and 
reparative microglial activity. Further research is needed to identify 
early risk factors for heightened inflammatory activity, early neuro-
degeneration, or their combination. Early therapeutic interventions 
addressing both neuroinflammatory and neurodegenerative aspects 
of MS, applied in tandem, are likely essential for future therapeutic 
progress and the ultimate goal of achieving true disease remission.
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